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:   classification and regression tree

HR
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With approximately 1.4 million new cases every year, colorectal cancer (CRC) is the third most common cancer globally.[1](#ijc30869-bib-0001){ref-type="ref"} Despite advances in treatment, CRC is still the third leading cause of cancer‐related death and therefore, there is an urgent need to identify novel prognostic and predictive biomarkers.

Immuno‐oncology is a rapidly emerging field that has elicited promise in cancer therapy. High levels of tumour‐infiltrating (CD3^+^) T cells and cytotoxic (CD8^+^) T cells have been associated with auspicious clinical outcome in CRC,[2](#ijc30869-bib-0002){ref-type="ref"}, [3](#ijc30869-bib-0003){ref-type="ref"}, [4](#ijc30869-bib-0004){ref-type="ref"}, [5](#ijc30869-bib-0005){ref-type="ref"}, [6](#ijc30869-bib-0006){ref-type="ref"}, [7](#ijc30869-bib-0007){ref-type="ref"}, [8](#ijc30869-bib-0008){ref-type="ref"}, [9](#ijc30869-bib-0009){ref-type="ref"} occasionally outsmarting traditional tumour characteristics in predicating prognosis.[7](#ijc30869-bib-0007){ref-type="ref"}, [10](#ijc30869-bib-0010){ref-type="ref"} Paradoxically, high infiltration of FoxP3^+^ regulatory T cells (Tregs), suppressing effector function of cytotoxic T cells, correlates with a dismal prognosis in numerous other cancers,[11](#ijc30869-bib-0011){ref-type="ref"} but is reported as a favourable prognostic factor in CRC.[12](#ijc30869-bib-0012){ref-type="ref"}, [13](#ijc30869-bib-0013){ref-type="ref"}, [14](#ijc30869-bib-0014){ref-type="ref"}, [15](#ijc30869-bib-0015){ref-type="ref"}

Increasing evidence suggests that CRC should be considered as a heterogeneous disease, with proximal and distal CRCs showing multiple clinicopathological and molecular distinctions, including the density of some immune cells.[16](#ijc30869-bib-0016){ref-type="ref"} However, to the best of our knowledge, no studies have hitherto investigated whether the prognostic significance of immune cell infiltration differs by primary tumour location. Therefore, the aim of this study was to examine the clinicopathological and molecular correlates and prognostic significance of the density of CD3^+^, CD8^+^ and FoxP3^+^ T cells in CRC, with particular reference to the anatomical subsite of the primary tumour. Reanalysis of the prognostic value of previously investigated CD20^+^ B cells and CD138^+^ and IGKC^+^ plasma cells[17](#ijc30869-bib-0017){ref-type="ref"} according to primary tumour subsite was also performed.

Methods {#ijc30869-sec-0002}
=======

Patients {#ijc30869-sec-0003}
--------

The study cohort consists of all incident cases of CRC in the Malmö Diet and Cancer Study (MDCS) from 1991 up until December 31, 2008 (*n* = 626). The MDCS is a prospective population‐based cohort with the primary aim to investigate associations between various dietary factors and cancer incidence.[18](#ijc30869-bib-0018){ref-type="ref"} The project, including nonparticipants in the European Prospective Investigation into Cancer (EPIC) cohort, enrolled 18,326 women (60.2%) and 12,120 (39.8%) men, with a total of 30,446 participants (from a background population of 74,138).

Information on CRC incidence was obtained through the Swedish Cancer Registry up until December 31, 2007, and from The Southern Swedish Regional Tumour Registry for the period of January 1, 2008--December 31, 2008. Clinical and treatment data were obtained from medical charts. Histopathological data were obtained from pathology records. TNM staging was performed according to the American Joint Committee on Cancer. Right colon was defined as appendix, caecum, ascending and 2/3 of transverse colon, whereas left colon was defined as the left colic flexure, descending and sigmoid colon, corresponding to the midgut fetal origin versus the hindgut as well as different innervation and blood supply.

Median age at diagnosis was 71 (range 50--86) years. Information on vital status and cause of death was obtained from the Swedish Cause of Death Registry up until December 31, 2013. Follow‐up began at CRC diagnosis and ended at death, emigration or December 31, 2013, whichever came first. Median follow‐up time was 5.97 (range 0--21.69) years for the full cohort (*n* = 626) and 10.05 (range 5.03--21.69) years for patients alive (*n* = 274). Microsatellite instability (MSI) screening status was assessed by immunohistochemistry as previously described,[19](#ijc30869-bib-0019){ref-type="ref"} and KRAS and BRAF mutation status was determined by pyrosequencing as previously described.[20](#ijc30869-bib-0020){ref-type="ref"}

Ethics approval and consent to participate {#ijc30869-sec-0004}
------------------------------------------

All EU and national regulations and requirements for handling human samples have been fully complied with during the conduct of this project; that is, decision no. 1110/94/EC of the European Parliament and of the Council (OJL126 18,5,94), the Helsinki Declaration on ethical principles for medical research involving human subjects and the EU Council Convention on human rights and Biomedicine. Ethical permission for the MDCS (LU 90--51) and the present study (LU 530--2008) was obtained from the Ethics Committee at Lund University. Written informed consent has been obtained from each subject at study entry.

Tissue microarray construction {#ijc30869-sec-0005}
------------------------------

All tumours with available slides or paraffin blocks were histopathologically re‐evaluated on haematoxylin and eosin stained slides by a senior pathologist (KJ). Cases with an insufficient amount of tumour material were excluded, whereby a total number of 557 (89.0%) cases were available for tissue microarray (TMA) construction. Representative and non‐necrotic areas were marked, and TMAs were constructed as previously described.[21](#ijc30869-bib-0021){ref-type="ref"} In brief, duplicate tissue cores (1 mm) were taken from each primary tumour and mounted in a recipient block, using a semi‐automated arraying device (TMArrayer, Pathology Devices, Westminister, MD). Four µm sections from this block were subsequently cut using a microtome and mounted on glass slides.

Immunohistochemistry {#ijc30869-sec-0006}
--------------------

For immunohistochemical (IHC) analysis of CD8 and FoxP3, 4 μm TMA‐sections were pretreated using the PT Link system, and subsequently stained with the anti‐CD8 antibody (clone C8/144B, mouse; dilution, 1:50; product M7103; Dako) and the anti‐FoxP3 antibody (clone236A/E7, mouse, dilution 1:200, Abcam, Cambridge, UK) using the Autostainer Plus (Dako; Glostrup, Denmark).

For IHC analysis of CD3, 4 μm TMA‐sections were pretreated using ULTRA Cell Conditioning Solution 1, pH 8.5 (Ventana Medical Systems Inc., Tucson, AZ) for heat induced epitope retrieval, and stained in a Ventana BenchMark stainer (Ventana Medical Systems) with the anti‐CD3 antibody (clone 2GV6, prediluted, Ventana Medical Systems).

Evaluation of tumour‐infiltrating lymphocytes {#ijc30869-sec-0007}
---------------------------------------------

The total number of CD3^+^ and CD8^+^ lymphocytes in each core was calculated by automated analysis using the colocalization algorithm within the Halo image analysis software (Indica Labs, Corrales, NM). Automated analysis of FoxP3 was not possible to undertake due to concomitant staining of the stroma, thus, the number of FoxP3 stained lymphocytes was manually counted. A mean value of the two cores was calculated and used in the analyses.

Furthermore, to validate the prognostic impact of the total number of CD3^+^ and CD8^+^ lymphocytes, an additional scoring system according to Dahlin *et al*.[22](#ijc30869-bib-0022){ref-type="ref"} and Ogino *et al*.[23](#ijc30869-bib-0023){ref-type="ref"} was performed. CD3^+^ and CD8^+^ lymphocyte infiltration was assessed as no/sporadic (Score 1), moderate (Score 2), abundant (Score 3) and highly abundant infiltration (Score 4) in three locations: (*i*) intratumoural (within the tumour nest), (*ii*) tumour‐adjacent (defined as within one tumour cell diameter of the tumour) and (*iii*) within the distant stroma (defined as more than one tumour cell diameter away from the tumour). A total score for both CD3 and CD8 was calculated as the sum of the scores intratumourally, tumour‐adjacent and within the distant stroma, generating a total score (lymphocytic reaction score) ranging from 3 to 12. A mean value of the total score from each core was calculated and used in the analysis. As FoxP3 was only sporadically expressed intratumourally and within the adjacent stroma, analysis according to lymphocytic reaction score was not meaningful.

Statistical analysis {#ijc30869-sec-0008}
--------------------

Unadjusted nonparametric test was used to evaluate associations between infiltration of CD3^+^, CD8^+^ and FoxP3^+^ cells and established clinicopathological characteristics and other investigative biomarkers. Spearmans Rho test was used to analyse the interrelationship between CD3^+^, CD8^+^ and FoxP3^+^ cells. Classification and regression tree (CRT) analysis was used to determine the optimal prognostic cut‐off for dichotomisation into high and low infiltration of CD3^+^, CD8^+^ and FoxP3^+^ cells. Kaplan--Meier analysis and log rank test were applied to illustrate differences in five‐year overall survival (OS) with respect to immune cell density. Cox regression proportional hazard models were used to estimate hazard ratios (HRs) for death from CRC in both univariable and multivariable analysis, adjusted for age, sex, T‐stage, N‐stage, M‐stage, differentiation grade and vascular invasion.

The proportional hazard assumption was tested using Cox regression with a time‐dependent covariate analysis, whereby the proportional hazard assumption was considered to be satisfied when the factor × time interaction was non‐significant.

To estimate the interaction effect between tumour location and lymphocyte density, an interaction variable was constructed with tumour location (right/other, left/other or rectal/other, respectively) × lymphocyte density (low/high).

All calculations were performed using SPSS version 24.0 (SPSS, Chicago, IL). All statistical tests were two‐sided and *p*‐values \< 0.05 were considered statistically significant.

Results {#ijc30869-sec-0009}
=======

Associations of CD3^+^, CD8^+^ and FoxP3^+^ lymphocyte count with clinicopathological factors according to primary tumour site {#ijc30869-sec-0010}
------------------------------------------------------------------------------------------------------------------------------

Information on tumour location was available for 555 (99.6%) cases in the TMA, with 201 (36.1%) right‐sided colon tumours, 145 (26.0%) left‐sided colon tumours and 209 (37.5%) rectal tumours.

Immune cell‐specific CD3^+^ lymphocyte count could be determined in 530 (95.2%) cases, and CD8^+^ lymphocyte count in 539 (96.8%) cases. FoxP3^+^ lymphocyte count was assessable in 547 (98.2%) cases. Sample IHC images are shown in Figure [1](#ijc30869-fig-0001){ref-type="fig"}.

![**Immunohistochemical images of CD3, CD8 and FoxP3 staining in colorectal cancer**. Sample images (10x magnification) representing immunohistochemical expression of CD3, CD8 and FoxP3 in colorectal cancer.](IJC-141-1654-g001){#ijc30869-fig-0001}

Associations between CD3^+^, CD8^+^ and FoxP3^+^ lymphocyte count and clinicopathological factors in the entire cohort and by tumour subsite are shown in Tables [1](#ijc30869-tbl-0001){ref-type="table-wrap"}, [2](#ijc30869-tbl-0002){ref-type="table-wrap"}, [3](#ijc30869-tbl-0003){ref-type="table-wrap"}, respectively. In general, high density of all investigated T lymphocyte subsets was associated with more favourable tumour characteristics. The majority of significant associations between high lymphocyte density and favourable clinicopathological factors were seen in the right colon for all types of investigated immune cells. High CD3^+^, CD8^+^ and FoxP3^+^ cell infiltration were all significantly associated with MSI tumours, and only in the right colon. A significantly higher number of CD8^+^ cells were observed in BRAF mutated tumours in the entire cohort, but not according to tumour subsite. No significant associations were observed between immune cell density and KRAS mutation status.

###### 

Associations between CD3^+^ cell infiltration and clinicopathological and investigative factors stratified by primary tumour location

                              Entire cohort              Right colon                                           Left colon   Rectum                                                                                                                                                                                                                                                       
  --------------------------- -------------------------- ----------------------------------------------------- ------------ -------------------------- ----------------------------------------------------- ----- -------------------------- --------------------------------------------------- ----- -------------------------- ----------------------------------------------------- -----
  **Age**                                                                                                                                                                                                                                                                                                                                                                                
  \< 75                       134.00 (0.00--1,758.50)                                                          369          276.00 (2.50--1,587.00)                                                          110   237.75 (0.00--1,758.50)                                                        104   213.50 (139.00--543.00)                                                          158
  =\> 75                      1,275.00 (4.50--2,280.00   0.090                                                 165          278.00 (6.00--2,280.50)    0.239                                                 87    246.50 (4.50--974.00)      0.634                                               36    265.75 (0.00--1,147.50)    0.057                                                 42
  **Sex**                                                                                                                                                                                                                                                                                                                                                                                
  Female                      288.50 (0.00--1,758.50)                                                          283          332.50 (9.50--1,675.00)                                                          110   281.00 (10.00--1,758.50)                                                       75    362.25 (13.00--1,158.00)                                                         97
  Male                        252.00 (0.00--2,280.00)    0.153                                                 256          253.00 (2.50--2,280.0)     0.164                                                 87    230.50 (0.00--886.50)      0.372                                               64    275.00 (0.00--1,077.50)    0.963                                                 103
  **T‐stage**                                                                                                                                                                                                                                                                                                                                                                            
  1                           419.25 (57.00--1,675.00)                                                         48           691.00 (154.50--1,675.00                                                         9     369.75 (110.00--974.00)                                                        22    382.00 (57.00--1,158.00)                                                         17
  2                           380.00 (90.00--2,047.50)                                                         63           388.25 (92.50--2,074.50)                                                         18    307.50 (129.50--849.50)                                                        9     405.13 (90.00--950.00)                                                           36
  3                           0.00 (0.00--2,280.00)                                                            325          299.00 (2.50--2,280.00)                                                          121   230.25 (0.00--1,758.50)                                                        88    219.50 (0.00--1,147.50)                                                          115
  4                           176.00 (0.00--1,283.50)    **\<0.001**\*\*                                       80           192.50 (6.00--1,283.50)    **\<0.001** [b](#ijc30869-note-0002){ref-type="fn"}   46    184.00 (0.00--736.00)      **0.010**                                           19    83.00 (7.00--566.00)       **\<0.001** [b](#ijc30869-note-0002){ref-type="fn"}   15
  **N‐stage**                                                                                                                                                                                                                                                                                                                                                                            
  0                           287.00 (0.00--2,280.00)                                                          287          326.50 (38.50--2,280.00)                                                         101   253.50 (0.00--910.50)                                                          81    295.75 (0.00--1,136.00)                                                          104
  1                           214.50 (4.50--1,675.00)                                                          123          263.00 (9.50--1,675.00)                                                          47    207.25 (4.50 (711.50)                                                          34    207.00 (6.50--1,147.50)                                                          42
  2                           237.75 (0.00--1,757.50)    **0.019** [a](#ijc30869-note-0001){ref-type="fn"}     82           247.00 (2.50--1,081.00)    0.072                                                 41    230.50 (0.00--1,758.50)    0.800                                               13    257.50 (7.00--910.00)      0.064                                                 28
  **M‐stage**                                                                                                                                                                                                                                                                                                                                                                            
  0                           290.50 (0.00--2,280.00)                                                          441          356.50 (9.50--2,280.00)                                                          157   273.50 (0.00--1,758.50)                                                        113   276.00 (0.00--1,158.00)                                                          170
  1                           158.00 (0.00--940.50)      **\<0.001** [b](#ijc30869-note-0002){ref-type="fn"}   91           130.00 (2.50--940.50)      **\<0.001** [b](#ijc30869-note-0002){ref-type="fn"}   38    167.25 (0.00--687.50)      **0.009** [a](#ijc30869-note-0001){ref-type="fn"}   26    163.00 (7.00--909.00)      0.190                                                 27
  **Differentiation grade**                                                                                                                                                                                                                                                                                                                                                              
  Low                         273.25 (0.00--2,074.50)                                                          410          126.00 (2.50--2,074.50)                                                          126   259.00 (0.00--1,758.00)                                                        115   272.00 (0.00--1,158.00)                                                          168
  High                        234.75 (6.00--2,280.00)    0.521                                                 118          339.00 (6.00--2,280.00)    0.689                                                 68    176.50 (18.00--543.00)     **0.047** [a](#ijc30869-note-0001){ref-type="fn"}   23    234.00 (7.50--909.00)      0.478                                                 27
  **Mucinous**                                                                                                                                                                                                                                                                                                                                                                           
  No                          284.00 (0.00--2,280.00)                                                          426          339.00 (2.50--2,280.00)                                                          138   247.50 (0.00--1,758.50)                                                        117   289.00 (0.00--1,158.00)                                                          171
  Yes                         203.75 (0.00--1,130.00)    **0.004**                                             106          233.00 (9.50--1,130.00)    **0.010**\*                                           58    223.50 (0.00--886.50)      0.338                                               23    162.50 (7.50--910.00)      0.066                                                 24
  **MSI status**                                                                                                                                                                                                                                                                                                                                                                         
  Stable                      273.00 (0.00--1,758.00)                                                          425          252.50 (6.00--1,587.00)                                                          117   259.00 (0.00--1,758.50)                                                        127   290.00 (6.50--1,158.00)                                                          179
  Unstable                    431.33 (33.00--2,280.00)   **\<0.001**                                           74           490.75 (33.00--2,280.00)   **\<0.001** [b](#ijc30869-note-0002){ref-type="fn"}   68    145.75 (45.50--291.00)     **0.010**                                           4     351.75 (124.00--579.50)    0.983                                                 2
  **KRAS**                                                                                                                                                                                                                                                                                                                                                                               
  Wild‐type                   279.50 (0.00--2,074.50)                                                          322          323.00 (9.50--2,074.50)                                                          114   234.50 (0.00--1,758.50)                                                        78    290.00 (6.50--1,158.00)                                                          127
  Mutated                     229.00 (0.00--1,587.00)    0.111                                                 186          241.25 (2.50--1,587.00)    0.095                                                 68    244.75 (0.00--886.50)      0.946                                               56    209.75 (0.00--950.00)      0.510                                                 62
  **BRAF**                                                                                                                                                                                                                                                                                                                                                                               
  Wild‐type                   269.00 (0.00--1,758.00)                                                          431          269.50 (2.50--1,587.00)                                                          116   242.00 (0.00--1,758.50)                                                        129   276.26 (0.00--1,158.00)                                                          186
  Mutated                     283.00 (9.50--2,074.50)    0.369                                                 76           299.00 (9.50--2,074.50)    0.699                                                 67    213.50 (139.00--543.00)    0.986                                               5     124.00 (14.00--234.00)     0.236                                                 2
  **Tumour location**                                                                                                                                                                                                                                                                                                                                                                    
  Right                       278.00 (2.50--2,280.00)                                                          197                                                                                                                                                                                                                                                                       
  Left                        243.75 (0.00--1,758.50)                                                          140                                                                                                                                                                                                                                                                       
  Rectum                      275.00 (0.00--1,158.00)    0.342                                                 200                                                                                                                                                                                                                                                                       

Significance at the 5% level.

Significance at the 1% level. The analysis of CD3^+^ cell infiltration was based on total lymphocyte count.

**Abbreviations**: MSI: microsatellite instability.

###### 

Associations between CD8^+^ cell infiltration and clinicopathological and investigative factors stratified by primary tumour location

                              Entire cohort              Right colon                                           Left colon   Rectum                                                                                                                                                                                                             
  --------------------------- -------------------------- ----------------------------------------------------- ------------ --------------------------- ----------------------------------------------------- ----- ------------------------ ----------- ----- ------------------------- ----------------------------------------------------- --------
  **Age**                                                                                                                                                                                                                                                                                                                                      
  75                          266.75 (0.00--1,758.50)                                                          369          176.00 (1.50--1,130.50)                                                           109   129.50 (6.50--970.00)                103   125.00 (0.00--992.00)                                                           155
  =\> 75                      131.00 (1.00--2,125.50)    0.455                                                 161          153.50 (2.00--2,125.50)     0.239                                                 83    102.50 (2.00--685.50)    0.138       38    142.00 (1.00--1,093.00)   0.402                                                 40
  **Sex**                                                                                                                                                                                                                                                                                                                                      
  Female                      136.00 (0.00--1,683.50)                                                          282          173.75 (1.50--1,683.50)                                                           110   128.00 (2.00--970.00)                77    120.75 (0.00--1,093.00)                                                         94
  Male                        132.50 (0.00--2,125.50)    0.365                                                 248          158.25 (2.00--2,125.50)     0.590                                                 82    104.25 (3.00--834.50)    0.093       64    134.00 (0.00--875.00)     0.489                                                 101
  **T‐stage**                                                                                                                                                                                                                                                                                                                                  
  1                           231.00 (26.00 −1,416.00)                                                         47           412.75 (165.00--1,416.00)                                                         8     199.50 (49.50--685.50)               22    172.00 (26.00--929.50)                                                          17
  2                           155.25 (10.00--2,125.50)                                                         64           246.00 (12.50--2,125.50)                                                          18    62.00 (10.00--210.00)                9     162.00 (20.00--626.50)                                                          37
  3                           129.75 (0.00--1,683.50)                                                          320          187.50 (5.50--1,683.50)                                                           119   121.50 (3.00--970.00)                89    116.00 (0.00--992.00)                                                           111
  4                           91.00 (1.00--1,016.50)     **\<0.001** [b](#ijc30869-note-0005){ref-type="fn"}   79           116.00 (1.50--1,016.50)     **0.002** [a](#ijc30869-note-0004){ref-type="fn"}     45    125.00 (2.00--480.50)    **0.035**   19    42.50 (1.00--350.00)      **\<0.001** [b](#ijc30869-note-0005){ref-type="fn"}   15
  **N‐stage**                                                                                                                                                                                                                                                                                                                                  
  0                           138.00 (2.00--2,125.50)                                                          283          163.00 (10.00--2,125.50)                                                          99    113.50 (2.00--834.50)                82    138.00 (2.00--992.00)                                                           101
  1                           105.20 (0.00--1,416.00)                                                          122          176.00 (4.00--1,416.00)                                                           45    123.25 (3.00--399.00)                34    76.50 (0.00--498.00)                                                            43
  2                           128.00 (0.00 −970.00)      **0.026** [a](#ijc30869-note-0004){ref-type="fn"}     79           177.00 (1.50--940.00)       0.285                                                 39    79.50 (32.00--970.00)    0.823       13    128.00 (0.00--824.00)     **0.012**                                             **27**
  **M‐stage**                                                                                                                                                                                                                                                                                                                                  
  0                           139.00 (0.00--2,125.50)                                                          440          187.50 (6.00--2,125.50)                                                           155   128.00 (2.00--970.00)                115   125.00 (0.00--992.00)                                                           169
  1                           101.00 (1.00--1,093.00)    **0.004** [a](#ijc30869-note-0004){ref-type="fn"}     83           101.50 (1.50--757.50)       **0.001** [b](#ijc30869-note-0005){ref-type="fn"}     35    71.00 (24.50--793.50)    0.073       25    151.00 (1.00--1,093.00)   0.994                                                 23
  **Differentiation grade**                                                                                                                                                                                                                                                                                                                    
  Low                         134.25 (0.00 −2,125.50)                                                          404          163.00 (8.00--2,125.50)                                                           126   125.00 (2.00--970.00)                117   130.00 (0.00--1,093.00)                                                         165
  High                        125.75 (1.50--1,646.50)    0.835                                                 116          213.50 (1.50--1,646.50)     0.687                                                 68    106.50 (32.50--390.50)   0.929       22    90.75 (4.00--647.00)      0.099                                                 26
  **Mucinous**                                                                                                                                                                                                                                                                                                                                 
  No                          134.25 (0.00--2,125.50)                                                          418          193.75 (1.50--2,125.50)                                                           134   126.00 (2.00--970.00)                118   125.25 (0.00--1,093.00)                                                         166
  Yes                         120.75 (4.00--932.00)      0.618                                                 104          117.00 (8.00--932.00)       0.052                                                 57    109.50 (6.50--483.00)    0.836       23    151.00 (4.00--824.00)     0.861                                                 23
  **MSI status**                                                                                                                                                                                                                                                                                                                               
  Stable                      129.00 (0.00--1,130.50)                                                          418          126.25 (1.50--1,130.50)                                                           114   128.75 (2.00--970.00)                128   129.00 (0.00--1,093.00)                                                         174
  Unstable                    305.00 (13.00--2,125.50)   **\<0.001** [b](#ijc30869-note-0005){ref-type="fn"}   75           312.75 (13.00--2,125.50)    **\<0.001** [b](#ijc30869-note-0005){ref-type="fn"}   68    95.25 (52.00--191.00)    0.515       4     571.00 (106--984.50)      0.084                                                 3
  **KRAS**                                                                                                                                                                                                                                                                                                                                     
  Wild‐type                   140.00 (0.00--2,125.50)                                                          317          171.50 (1.50--2,125.50)                                                           113   114.00 (10.00--970.00)               79    125.00 (0.00--984.50)                                                           123
  Mutated                     127.25 (1.00--2,230.50)    0.481                                                 182          128.50 (2.00--2,230.50)     0.198                                                 65    125.25 (2.00--834.50)    0.933       56    128.00 (1.00--1,093.00)   0.702                                                 61
  **BRAF**                                                                                                                                                                                                                                                                                                                                     
  Wild‐type                   128.00 (0.00--1,683.50)                                                          423          147.00 (2.00--1,683.50)                                                           111   124.50 (2.00--970.00)                130   126.75 (0.00--1,093.00)                                                         182
  Mutated                     171.50 (1.50--2,125.50)    **0.049** [a](#ijc30869-note-0004){ref-type="fn"}     75           176.00 (1.50--2,125.50)     0.530                                                 67    109.50 (79.50--390.50)   0.930       5     16.00 (16.00--16.00)      0.109                                                 1
  **Tumour location**                                                                                                                                                                                                                                                                                                                          
  Right                       168.25 (1.50--2,125.50)                                                          192                                                                                                                                                                                                                             
  Left                        243.75 (0.00--1,758.50)                                                          141                                                                                                                                                                                                                             
  Rectum                      275.00 (0.00--1,158.000)   **0.004** [a](#ijc30869-note-0004){ref-type="fn"}     195                                                                                                                                                                                                                             

Significance at the 5% level.

Significance at the 1% level.

The analysis of CD8^+^ cell infiltration was based on total lymphocyte count.

**Abbreviations**: MSI: microsatellite instability.

###### 

Associations between FoxP3^+^ cell infiltration and clinicopathological and investigative factors stratified by primary tumour location

                              Entire cohort          Right colon                                           Left colon   Rectum                                                                                                                                                                                                                                     
  --------------------------- ---------------------- ----------------------------------------------------- ------------ ---------------------- --------------------------------------------------- ----- --------------------- --------------------------------------------------- ----- --------------------- --------------------------------------------------- -----
  **Age**                                                                                                                                                                                                                                                                                                                                                          
  \< 75                       6.00 (0.00--128.00)                                                          375          6.50 (0.00--100.00)                                                        108   5.50 (0.00--101.00)                                                       105   6.00 (0.00--128.00)                                                       160
  =\> 75                      11.50 (0.00--140.00)   **0.002** [a](#ijc30869-note-0008){ref-type="fn"}     172          13.50 (0.00--116.00)   **0.022** [a](#ijc30869-note-0008){ref-type="fn"}   87    8.50 (0.00--140.00)   0.499                                               39    10.25 (0.00--73.50)   0.108                                               46
  **Sex**                                                                                                                                                                                                                                                                                                                                                          
  Female                      8.00 (0.00--140.00)                                                          286          10.00 (0.00--116.00)                                                       109   7.50 (0.00--140.00)                                                       77    7.00 (0.00--128.00)                                                       99
  Male                        7.00 (0.00--109.00)    0.425                                                 261          8.75 (0.00--98.00)     0.445                                               86    5.00 (0.00--69.00)    0.995                                               67    7.00 (0.00--109.00)   0.490                                               107
  **T‐stage**                                                                                                                                                                                                                                                                                                                                                      
  1                           13.50 (0.00--140.00)                                                         48           10.00 (0.00--116.00)                                                       9     9.00 (0.00--140.00)                                                       22    28.00 (0.00--86.00)                                                       17
  2                           19.50 (0.00--92.00)                                                          64           29.00 (0.00--80.00)                                                        18    30.00 (2.00--92.00)                                                       9     11.00 (0.00--89.00)                                                       37
  3                           8.00 (0.00--109.00)                                                          330          12.67 (0.00--100.00)                                                       119   5.50 (0.00--94.00)                                                        91    5.00 (0.00--109.00)                                                       119
  4                           2.00 (0.00--108.00)    **\<0.001** [b](#ijc30869-note-0009){ref-type="fn"}   81           2.50 (0.00--108.00)    **0.016** [a](#ijc30869-note-0008){ref-type="fn"}   46    0.75 (0.00--23.00)    **0.003** [a](#ijc30869-note-0008){ref-type="fn"}   20    0.00 (0.00--41.50)    **0.002** [a](#ijc30869-note-0008){ref-type="fn"}   15
  **N‐stage**                                                                                                                                                                                                                                                                                                                                                      
  0                           9 (0.00--140.00)                                                             290          13.25 (0.00--102.00)                                                       98    5.75 (0.00--140.00)                                                       84    6.50 (0.00--128.00)                                                       107
  1                           8.00 (0.00--116.00)                                                          124          12.00 (0.00--116.00)                                                       46    6.50 (0.00--94.00)                                                        34    6.50 (0.00--109.00)                                                       44
  2                           3.00 (0.00--57.00)     **0.027** [a](#ijc30869-note-0008){ref-type="fn"}     84           4.75 (0.00--41.50)     0.086                                               42    3.25 (0.00--39.50)    0.623                                               14    1.50 (0.00--57.00)    0.147                                               28
  **M‐stage**                                                                                                                                                                                                                                                                                                                                                      
  0                           9.00 (0.00--140.00)                                                          446          13.00 (0.00--116.00)                                                       154   8.00 (0.00--140.00)                                                       116   8.00 (0.00--128.00)                                                       175
  1                           2.00 (0.00--108.00)    **\<0.001** [b](#ijc30869-note-0009){ref-type="fn"}   94           2.00 (0.00--108.00)    **0.001** [b](#ijc30869-note-0009){ref-type="fn"}   39    2.50 (0.00--64.00)    0.055                                               27    1.50 (0.00--95.00)    0.142                                               28
  **Differentiation grade**                                                                                                                                                                                                                                                                                                                                        
  Low                         8.50 (0.00--140.00)                                                          415          12.00 (0.00--102.00)                                                       123   8.00 (0.00--140.00)                                                       115   8.00 (0.00--128.00)                                                       172
  High                        5.00 (0.00--116.00)    0.172                                                 121          6.50 (0.00--116.00)    0.388                                               69    2.50 (0.00--94.00)    0.192                                               23    4.00 (0.00--107.00)   0.246                                               29
  **Mucinous**                                                                                                                                                                                                                                                                                                                                                     
  No                          9.00 (0.00--140.00                                                           433          13.50 (0.00--116.00)                                                       137   8.00 (0.00--140.00)                                                       121   7.00 (0.00--128.00)                                                       175
  Yes                         4.75 (0.00--82.00)     **0.012** [a](#ijc30869-note-0008){ref-type="fn"}     106          5.00 (0.00--82.00)     **0.004** [a](#ijc30869-note-0008){ref-type="fn"}   57    1.50 (0.00--64.00)    **0.030** [a](#ijc30869-note-0008){ref-type="fn"}   23    9.00 (0.00--57.00)    0.951                                               25
  **MSI status**                                                                                                                                                                                                                                                                                                                                                   
  Stable                      8.00 (0.00--140.00)                                                          432          8.00 (0.00--108.00)                                                        116   8.00 (0.00--140.00)                                                       131   8.00 (0.00--128.00)                                                       183
  Unstable                    14.75 (0.00--116.00)   **0.010** [a](#ijc30869-note-0008){ref-type="fn"}     74           15.50 (0.00--116.00)   **0.012** [a](#ijc30869-note-0008){ref-type="fn"}   67    19.00 (0.00--30.00)   0.619                                               4     0.00 (0.00--0.50)     0.056                                               3
  **KRAS**                                                                                                                                                                                                                                                                                                                                                         
  Wild‐type                   8.00 (0.00--140.00)                                                          328          8.50 (0.00--116.00)                                                        114   5.50 (0.00--140.00)                                                       80    8.50 (0.00--107.00)                                                       132
  Mutated                     7.00 (0.00--109.00)    0.336                                                 187          10.75 (0.00--100.00)   0.410                                               66    7.50 (0.00--72.00)    0.946                                               58    6.00 (0.00--109.00)   0.475                                               63
  **BRAF**                                                                                                                                                                                                                                                                                                                                                         
  Wild‐type                   7.50 (0.00--140.00)                                                          437          10.75 (0.00--108.00)                                                       112   5.50 (0.00--140.00)                                                       133   8.00 (0.00--109.00)                                                       192
  Mutated                     8.50 (0.00--116.00)    0.145                                                 77           8.25 (0.00--116.00)    0.680                                               68    24.00 (0.00--94.00)   0.167                                               5     4.25 (4.00--4.50)     0.745                                               2
  **Tumour location**                                                                                                                                                                                                                                                                                                                                              
  Right                       9.00 (0.00--116.00)                                                          195                                                                                                                                                                                                                                                     
  Left                        5.75 (0.00--140.00)                                                          144                                                                                                                                                                                                                                                     
  Rectum                      7.00 (0.00--128.00)    0.185                                                 206                                                                                                                                                                                                                                                     

Significance at the 5% level.

Significance at the 1% level.

The analysis of FoxP3^+^ cell infiltration was based on total lymphocyte count.

**Abbreviations**: MSI: microsatellite instability.

The clinicopathological correlates of CD20^+^ B cells, and CD138^+^ and IGKC^+^ plasma cells in the full cohort have been described previously[17](#ijc30869-bib-0017){ref-type="ref"}, and was, similar to the T lymphocytes, found to be associated with more favourable tumour characteristics. Corresponding analyses according to tumour subsite for these lymphocytes are shown in Supporting Information Tables 1--3. In general, fewer significant associations with clinicopathological factors were observed for B cells and plasma cells than for T cells, and only the density of IGKC^+^ plasma cells was significantly higher in MSI right‐sided tumours.

There were moderate to very strong intercorrelations between all investigated T‐ and B‐lymphocytes, and plasma cells (Supporting Information Table 4).

Prognostic significance of CD3^+^, CD8^+^ and FoxP3^+^ cell infiltration {#ijc30869-sec-0011}
------------------------------------------------------------------------

For the entire cohort, CRT analysis established an optimal cut‐off point for CD3^+^ lymphocyte count at ≤ 292.75, which was used to stratify cases into groups of low (≤292.75, *n* = 338) and high (\>292.75, *n* = 203) count. Similarly, CD8^+^ lymphocyte count was dichotomised into groups of low (≤33.5, *n* = 77*)* and high (\>33.50, *n* = 453) lymphocyte count. For FoxP3^+^ lymphocyte count, cases were divided into groups of low (≤9.25, *n* = 300) and high (\>9.25, *n* = 247) count. Finally, according to the total CD3 and CD8 score, respectively, patients were divided into three groups of equal size with low (3--4), intermediate (5--6), or high (7--12) total score.

In the entire cohort, Kaplan--Meier analysis revealed significant correlations between all investigated T cell subsets and a prolonged 5‐year OS (*p* = 0.001 for CD3^+^ and CD8^+^, and *p* = 0.006 for FoxP3^+^, Supporting Information Fig. 1). Kaplan--Meier estimates of 5‐year OS according to tumour subsite are shown in Figure [2](#ijc30869-fig-0002){ref-type="fig"}. The prognostic impact of the pan T cell marker CD3 was stepwise decreased from the right colon (*p* = 0.001, Fig. [2](#ijc30869-fig-0002){ref-type="fig"} *a*), left colon (*p* = 0.036, Fig. [2](#ijc30869-fig-0002){ref-type="fig"} *b*), to the rectum (*p* = 0.051, Fig. [2](#ijc30869-fig-0002){ref-type="fig"} *c*). High density of CD8^+^ cells was significantly associated with a prolonged 5‐year OS in right‐sided tumours (*p* \< 0.001, Fig. [2](#ijc30869-fig-0002){ref-type="fig"} *d*), but was not prognostic in the left colon or in the rectum (Figs. [2](#ijc30869-fig-0002){ref-type="fig"} *e* and [2](#ijc30869-fig-0002){ref-type="fig"} *f*). FoxP3^+^ cells were not prognostic in either subsite (Figs. [2](#ijc30869-fig-0002){ref-type="fig"} *g*--2*i*).

![**Kaplan--Meier estimates of overall survival according to CD3^+^, CD8^+^ and FoxP3^+^ cell infiltration and primary tumour location**. Kaplan--Meier analysis of 5‐year overall survival in strata of low and high CD3^+^ (*a, b, c*), CD8^+^ (*d, e, f*) and FoxP3^+^ (*g, h, i*) lymphocyte infiltration in right‐sided (first row), left‐sided (second row) and rectal (third row) tumours.](IJC-141-1654-g002){#ijc30869-fig-0002}

Cox proportional hazards analyses of 5‐year OS according to lymphocyte density and tumour subsite are shown in Table [4](#ijc30869-tbl-0004){ref-type="table-wrap"}. The time‐dependent covariate was non‐significant for all investigated T cell subsets, and therefore, the factor × time interaction term was dropped from the model. The proportional hazard assumption was also considered to be satisfied with graphical evaluation using log‐minus‐log plots (data not shown).

###### 

Cox proportional hazards models for 5‐year overall survival in relation to CD3^+^, CD8^+^ and FoxP3^+^ cell infiltration

                                           Entire cohort       Right colon                                           Left colon   Rectum                                                                                                                                                                                                                                          
  ---------------------------------------- ------------------- ----------------------------------------------------- ------------ ------------------- ----------------------------------------------------- ---------- ------------------- --------------------------------------------------- ---------- ------------------- --------------------------------------------------- ----------
  **Univariable**                                                                                                                                                                                                                                                                                                                                                                 
  **CD3**                                                                                                                                                                                                                                                                                                                                                                         
  Low                                      1.00                                                                      335 (152)    1.00                                                                      116 (58)   1.00                                                                    96 (39)    1.00                                                                    126 (56)
  High                                     0.51 (0.37--0.70)   **\<0.001** [b](#ijc30869-note-0013){ref-type="fn"}   203 (54)     0.43 (0.27--0.71)   **0.001** [a](#ijc30869-note-0012){ref-type="fn"}     82 (22)    0.48 (0.24--0.96)   **0.038** [a](#ijc30869-note-0012){ref-type="fn"}   44 (10)    0.62 (0.38--1.01)   0.053                                               75 (22)
  **CD8**                                                                                                                                                                                                                                                                                                                                                                         
  Low                                      1.00                                                                      77 (41)      1.00                                                                      26 (18)    1.00                                                                    19 (10)    1.00                                                                    32 (13)
  High                                     0.56 (0.40--0.79)   **0.001** [a](#ijc30869-note-0012){ref-type="fn"}     452 (157)    0.35 (0.21--0.60)   **\<0.001** [b](#ijc30869-note-0013){ref-type="fn"}   166 (58)   0.55 (0.27--1.10)   0.092                                               122 (39)   0.83 (0.48--1.59)   0.656                                               163 (60)
  **FoxP3**                                                                                                                                                                                                                                                                                                                                                                       
  Low                                      1.00                                                                      299 (131)    1.00                                                                      98 (45)    1.00                                                                    85 (35)    1.00                                                                    116 (51)
  High                                     0.68 (0.51--0.90)   **0.006** [a](#ijc30869-note-0012){ref-type="fn"}     257 (80)     0.70 (0.49--1.08)   0.109                                                 97 (35)    0.57 (0.32--1.03)   0.063                                               59 (16)    0.70 (0.45--1.11)   0.130                                               90 (29)
  **Multivariable**                                                                                                                                                                                                                                                                                                                                                               
  **CD3**                                                                                                                                                                                                                                                                                                                                                                         
  Low                                      1.00                                                                      306 (132)    1.00                                                                      106 (49)   1.00                                                                    91 (37)    1.00                                                                    109 (46)
  High                                     0.47 (0.33--0.69)   **\<0.001** [b](#ijc30869-note-0013){ref-type="fn"}   176 (40)     0.53 (0.29--0.95)   **0.033** [a](#ijc30869-note-0012){ref-type="fn"}     78 (20)    0.50 (0.21--1.19)   0.117                                               36 (7)     0.45 (0.22--0.94)   **0.033** [a](#ijc30869-note-0012){ref-type="fn"}   61 (13)
  **CD8**                                                                                                                                                                                                                                                                                                                                                                         
  Low                                      1.00                                                                      73 (38)      1.00                                                                      26 (18)    1.00                                                                    18 (9)     1.00                                                                    29 (11)
  High                                     0.60 (0.41--0.87)   **\<0.001** [b](#ijc30869-note-0013){ref-type="fn"}   402 (129)    0.35 (0.19--0.65)   **0.001** [b](#ijc30869-note-0013){ref-type="fn"}     153 (48)   0.61 (0.25--1.47)   0.272                                               110 (35)   0.98 (0.49--1.96)   0.948                                               138 (46)
  **FoxP3**                                                                                                                                                                                                                                                                                                                                                                       
  Low                                      1.00                                                                      270 (115)    1.00                                                                      88 (38)    1.00                                                                    77 (32)    1.00                                                                    105 (45)
  High                                     0.67 (0.49--0.94)   **0.018** [a](#ijc30869-note-0012){ref-type="fn"}     218 (61)     0.95 (0.56--1.59)   0.835                                                 93 (31)    0.54 (0.27--1.07)   0.075                                               54 (14)    0.54 (0.30--0.99)   **0.048** [a](#ijc30869-note-0012){ref-type="fn"}   70 (16)
  **Multivariable including MSI status**                                                                                                                                                                                                                                                                                                                                          
  **CD3**                                                                                                                                                                                                                                                                                                                                                                         
  Low                                      1.00                                                                      275 (121)    1.00                                                                      97 (43)    1.00                                                                    84 (33)    1.00                                                                    94 (45)
  High                                     0.49 (0.33--0.73)   **\<0.001** [b](#ijc30869-note-0013){ref-type="fn"}   173 (39)     0.58 (0.31--1.08)   0.085                                                 78 (20)    0.43 (0.18--1.04)   0.060                                               35 (7)     0.52 (0.25--1.09)   0.083                                               59 (12)
  **CD8**                                                                                                                                                                                                                                                                                                                                                                         
  Low                                      1.00                                                                      62 (32)      1.00                                                                      23 (15)    1.00                                                                    15 (7)     1.00                                                                    24 (10)
  High                                     0.69 (0.46--1.03)   0.072                                                 380 (124)    0.42 (0.21--0.82)   **0.012** [a](#ijc30869-note-0012){ref-type="fn"}     148 (46)   0.69 (0.26--1.82)   0.448                                               105 (33)   1.13 (0.54--2.34)   0.753                                               126 (45)
  **FoxP3**                                                                                                                                                                                                                                                                                                                                                                       
  Low                                      1.00                                                                      242 (104)    1.00                                                                      81 (33)    1.00                                                                    69 (28)    1.00                                                                    92 (43)
  High                                     0.74 (0.53--1.05)   0.088                                                 211 (59)     1.19 (0.67--2.11)   0.554                                                 91 (30)    0.55 (0.26--1.14)   0.107                                               54 (12)    0.81 (0.42--1.57)   0.533                                               65 (15)

Significance at the 5% level.

Significance at the 1% level. *p* values from multivariable analysis adjusted for age, sex, T‐stage (I, II, III, IV), N‐stage (0,1,2), M‐stage (0, 1), differentiation grade (high‐intermediate versus low) and vascular invasion (+/−/unknown), without and with inclusion of microsatellite instability (MSI) status. Information on age and sex was available for all cases. Cases with unknown information on TNM stage, differentiation grade and MSI status were not included in the multivariable model. The analysis of CD3^+^, CD8^+^ and FoxP3^+^ cell infiltration was based on total lymphocyte count.

The significant associations between CD3^+^, CD8^+^ and FoxP3^+^ lymphocytes and an improved 5‐year OS in the entire cohort were confirmed in univariable Cox regression analysis (HR = 0.51; 95% CI 0.37--0.70, HR = 0.56; 95% CI 0.40--0.79 and HR = 0.68; 95% CI 0.51--0.91, respectively), and all remained significant in multivariable analysis, after adjustment for age, sex, TNM stage, differentiation grade and vascular invasion (HR = 0.47; 95% CI 0.33--0.69, HR = 0.60; 95% CI 0.41--0.87 and HR = 0.67; 95% CI 0.49--0.94, respectively). In the right colon, the prognostic significance of CD3^+^ and CD8^+^ density was confirmed in univariable analysis (HR = 0.43; 95% CI 0.27--0.71, and HR = 0.35; 95% CI 0.21--0.60, respectively), and remained significant in multivariable analysis (HR = 0.53; 95% CI 0.29--0.95 and HR = 0.35; 95% CI 0.19--0.65, respectively). In the rectum, CD3^+^ density was not prognostic in univariable analysis, but multivariable Cox regression analysis revealed a significant association with a prolonged 5‐year OS (HR = 0.45; 95% CI 0.22--0.94). FoxP3^+^ density was not prognostic in either tumour subsite in univariable analysis; however, dense FoxP3^+^ cell infiltration was significantly associated with a prolonged 5‐year OS in the rectum (HR= 0.54; 95% CI 0.30--0.99).

When MSI status was included in the adjusted model, CD8^+^ cells remained an independent favourable prognostic factor in right‐sided tumours (HR = 0.42; 95% CI 0.21--0.82), however, when BRAF mutation status also was included, the association did not remain significant (HR = 0.49; 95% CI 0.24--1.02).

There was a significant interaction between tumour location in the right colon and high density of CD8^+^ lymphocytes (*p* for interaction = 0.031). No significant interactions were observed between CD3^+^ or FoxP3^+^ lymphocytes and any tumour location.

Using the lymphocytic reaction score,[22](#ijc30869-bib-0022){ref-type="ref"}, [23](#ijc30869-bib-0023){ref-type="ref"} Kaplan--Meier analysis revealed significantly prolonged survival for patients with right‐sided tumours displaying high CD8 lymphocytic score (*p* = 0.002), and for patients with left‐sided tumours displaying high CD3 (*p* = 0.008) and intermediate CD8 (*p* = 0.012) lymphocytic reaction score (Supporting Information Fig. 2). In Cox regression analysis, high and intermediate lymphocytic reaction score was included in one variable, whereby the prognostic significance of high CD8 lymphocytic score in right‐sided tumours was confirmed in univariable (HR = 0.50; 95% CI 0.31--0.79) and multivariable (HR = 0.44; 95% CI 0.25--0.78) Cox regression analysis (Supporting Information Table 6). In left‐sided tumours, the prognostic impact of high CD3 lymphocytic reaction score was confirmed in univariable (HR = 0.44, 95% CI 0.25--0.78) and multivariable (HR = 0.44, 95% CI 0.23--0.86) Cox regression analysis, whereas high CD8 lymphocytic reaction score was significant in univariable (HR = 0.46, 95% CI 0.25--0.86) but not in multivariable Cox regression analysis. There were no significant associations between neither CD3 nor CD8 lymphocytic reaction score and survival in rectal tumours.

Dense infiltration of CD20^+^ B cells has in the herein investigated cohort been found to be an independent favourable prognostic factor.[17](#ijc30869-bib-0017){ref-type="ref"} Cox proportional hazards analyses of 5‐year OS according to B cell and plasma cell density and tumour subsite are shown in Supporting Information Table 5. Only high CD20^+^ density was found to be associated with an improved prognosis in right‐sided tumours, in both univariable (HR= 0.51; 95% CI 0.27--0.97) and multivariable (HR = 0.38; 95% CI 0.18--0.83) analysis. In left‐sided tumours, high CD20^+^ was significantly associated with a prolonged 5‐year OS in univariable (HR= 0.37; 95% CI 0.16--0.87) but not in multivariable analysis, whereas high CD138^+^ cell infiltration was significantly associated with a prolonged 5‐year OS in multivariable (HR = 0.48, 95% CI 0.48--0.96) but not in univariable analysis. No significant associations were observed between B cells or plasma cells and prognosis in rectal cancer. There were no significant associations between density of IGKC^+^ cells and prognosis in either tumour location.

Survival analysis in strata according to adjuvant chemotherapy in curatively treated Stage III patients revealed that the prognostic significance of CD3^+^ cells was only evident in untreated patients, in the entire cohort as well as in the right colon, but there was no significant treatment interaction (data not shown). The prognostic impact of the other lymphocyte subsets did not differ significantly in strata according to adjuvant chemotherapy (data not shown).

Discussion {#ijc30869-sec-0012}
==========

Numerous studies have thus far examined tumour infiltration of T cells in CRC and its relation to prognosis. However, this study is, to the best of our knowledge, the first to investigate the prognostic impact of immune cell infiltrates in colorectal cancer with specific emphasis on the anatomical localisation of the primary tumour.

In the entire cohort, dense infiltration of CD3^+^ and CD8^+^ lymphocytes was independently associated with an improved prognosis, which is in concordance with previous research.[24](#ijc30869-bib-0024){ref-type="ref"} Furthermore, high numbers of FoxP3^+^ Tregs was found to be an independent auspicious prognostic factor. This is in line with previous studies in CRC; however, in the majority of human carcinomas, FoxP3 has been demonstrated to be mainly associated with a dismal prognosis, as reviewed in Ref. [9](#ijc30869-bib-0009){ref-type="ref"}. The contrasting findings in CRC have been attributed to the microbiota in the colon, that triggers a carcinogenic cascade which FoxP3^+^ cells inhibits.[9](#ijc30869-bib-0009){ref-type="ref"} Furthermore, as Tregs suppress other T cells,[25](#ijc30869-bib-0025){ref-type="ref"} they may also impair the function of pro‐tumourigenic inflammatory Th17 cells,[26](#ijc30869-bib-0026){ref-type="ref"} thus inhibiting tumour progression. Albeit Tregs have been considered a potential target for immunotherapy,[27](#ijc30869-bib-0027){ref-type="ref"}, [28](#ijc30869-bib-0028){ref-type="ref"} the results from our study further indicate that Treg‐depleting treatment might be detrimental in CRC.

When taking primary tumour subsite into consideration, only CD3^+^ and CD8^+^ T cells were independent prognostic factors in right‐sided tumours, whereas FoxP3^+^ T cells were independently associated with an improved prognosis in rectal tumours, but not in left‐ or right‐sided tumours. A significant interaction with tumour subsite was only observed for CD8^+^ lymphocyte density and the righ‐sidedness. Furthermore, CD20^+^ B cells were independently associated with an improved prognosis for patients with right‐sided tumours, but not for those with left‐sided or rectal tumours, whereas dense CD138^+^ immune cell infiltration was an independent predictor of improved prognosis in left‐sided tumours, but not in right‐sided or rectal tumours. Of note, the segments in the colon have different fetal origin. The proximal part, from the appendix to the first two thirds of the transverse colon, originates from the midgut, whereas the distal part, from the left colic flexure to the rectum, originates from the hindgut. Increasing evidence suggests several differences between right‐sided and left‐sided CRC, including epidemiology, tumour characteristics and prognosis.[29](#ijc30869-bib-0029){ref-type="ref"} Furthermore, right‐sided tumours demonstrate diverse genetic and molecular characteristics compared to left‐sided tumours,[30](#ijc30869-bib-0030){ref-type="ref"} and these differences in biological behaviour have been suggested to induce different response to chemotherapy.[31](#ijc30869-bib-0031){ref-type="ref"} The findings from the present study provide further evidence that proximal and distal CRC may represent distinct disease entities, wherein the impact of the inflammatory tumour microenvironment on tumour progression, prognosis and prediction differs.

Interestingly, only CD8^+^ T cell infiltration differed significantly according to anatomical subsite, with denser infiltration in rectal and left‐sided tumours than in right‐sided tumours. This is in contrast with a previous study, demonstrating no differences in CD8^+^ cell infiltration according to tumour subsite, but a denser infiltration of FoxP3^+^ cells in rectal than in right‐sided or left‐sided tumours.[16](#ijc30869-bib-0016){ref-type="ref"} As right‐sided colon cancer generally carries a poorer prognosis than left‐sided colon cancer,[29](#ijc30869-bib-0029){ref-type="ref"}, [32](#ijc30869-bib-0032){ref-type="ref"} our findings further emphasise the positive prognostic impact of CD8^+^ lymphocyte infiltration.

An increased infiltration of lymphocytes has previously been found in MSI‐high tumours,[33](#ijc30869-bib-0033){ref-type="ref"} mostly being proximally located. This was confirmed in the present study, with the vast majority of MSI tumours displaying a high density of CD3^+^, CD8^+^ and FoxP3^+^ cells, in the full cohort as well as in right‐sided tumours, despite the total number of lymphocytes not being higher in the latter. However, the favourable impact of CD8^+^ T cells was independent of MSI status in the entire cohort as well as in right‐sided tumours, further supporting that combined assessment of MSI status and tumour‐infiltrating lymphocytes will provide a more accurate prognostication, in particular in patients with right‐sided tumours. Similar findings have been observed using the immunoscore.[34](#ijc30869-bib-0034){ref-type="ref"}

Additionally, high density of CD3^+^, CD8^+^ as well as FoxP3^+^ T cells was found to correlate significantly with lower T‐ and M‐stage both in the entire cohort and after stratifying for tumour location. However, the associations between cytotoxic as well as regulatory T cell infiltration and lower M‐stage only remained significant in right‐sided tumours, further suggesting that dense infiltration of these lymphocytes carries a greater clinical impact in right‐sided tumours than in left‐sided or rectal tumours.

A rather large proportion of the studies investigating the differences between right‐ and left‐sided CRC have used alternative definitions, for example, defining the right colon from the appendix to the hepatic flexure and the left colon from the splenic flexure to the rectum, thus excluding the transverse colon altogether. We defined right colon as appendix, caecum, ascending and two thirds of the transverse colon, and left colon as left colic flexure, descending and sigmoid colon, corresponding to the midgut versus the hindgut fetal origin. However, research demonstrates a gradual transition through the multiple anatomic subsites, rather than abrupt changes as in the two‐colon model.[35](#ijc30869-bib-0035){ref-type="ref"} Nonetheless, as a clinically practicable tool, the two‐colon model might still be preferable.

The prognostic relevance of tumour subsite has hitherto mainly been acknowledged in patients with metastatic CRC and in relation to chemotherapy response.[32](#ijc30869-bib-0032){ref-type="ref"} In the present cohort, with incident cases spanning over several decades and a comparatively large proportion of curatively treated Stage II patients who did not receive adjuvant chemotherapy, no evident predictive value of any of the investigated T cells, B cells or plasma cells could be observed, neither in the entire cohort nor according to tumour subsite. However, the lack of a prognostic impact of CD3^+^ lymphocytes in adjuvant Stage III treated patients who received chemotherapy in contrast to those who did not, supports that assessment of tumour‐infiltrating lymphocytes may provide additional prognostic information, and, hence, be of value regarding choice of treatment in some situations.

As the study was performed retrospectively, there is an inherent risk of selection bias. Nevertheless, the herein investigated tumours are derived from a prospective, population‐based cohort with clinically and histopathologically well‐characterised incident CRC cases. Another potential weakness of the study is the use of the TMA technique. Although two 1 mm cores can be considered an adequate sampling and a plethora of validatory studies have previously concluded that findings based on large sections were fully reproducible in TMA‐based studies,[36](#ijc30869-bib-0036){ref-type="ref"} the tumour stroma has not been specifically sampled in the herein used TMA. Future studies on the prognostic value of the inflammatory tumour microenvironment should ideally be performed on TMAs also including tissue samples from the stromal compartment. However, it should also be pointed out that the prognostic value of B‐cells and plasma cells has been shown to be concordant between studies using whole tissue sections and studies using the TMA technique, including in the herein investigated cohort.[17](#ijc30869-bib-0017){ref-type="ref"}

Conclusion {#ijc30869-sec-0013}
==========

This study provides a first demonstration of the prognostic impact of cytotoxic and regulatory T cells in colorectal cancer according to primary tumour location. Whereas a high density of cytotoxic T cells was an independent prognostic factor in right‐sided tumours, but not in left‐sided or rectal tumours, regulatory T cells predicted longer survival only in patients with rectal tumours. These findings further underline that tumour location may be an important factor to take into consideration when assessing immune cell density for the purpose of prognostication and possibly also for prediction of response to immunotherapy in patients with colorectal cancer.
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